IMPORTANCE Mailed fecal immunochemical test (FIT) outreach is more effective than colonoscopy outreach for increasing 1-time colorectal cancer (CRC) screening, but long-term effectiveness may need repeat testing and timely follow-up for abnormal results.
C olorectal cancer (CRC) is the second leading cause of cancer-related death in the United States. Screening can reduce CRC incidence and mortality. The US Preventive Services Task Force (USPSTF) gives CRC screening a grade A recommendation (defined as a recommended service because there is high certainty that the net benefit is substantial) for individuals aged 50 to 75 years. 1 However, effectiveness is limited by underuse and suboptimal adherence to guideline-recommended follow-up, including repeat testing for normal test results and diagnostic follow-up of abnormal test results. Studies have demonstrated failures at each step in the screening process, which are associated with increased CRC mortality: 30% to 50% of patients do not initiate screening, 2, 3 40% to 60% of patients with normal results do not undergo repeat screening, 4, 5 and more than 50% of patients with abnormal results do not complete a follow-up evaluation. 6, 7 The best strategies to increase screening process completion are uncertain. Colonoscopy may be accepted by individuals seeking tests with high sensitivity and low frequency but not by those averse to invasive testing requiring bowel preparation, sedation, and transportation. 8 Fecal immunochemical test (FIT) acceptance may be highest among individuals seeking at-home testing but lower among those averse to obtaining stool samples or performing annual testing. 9 In the United States, most screening is visit-based and dependent on primary care encounters. Complementing visit-based screening with mailed outreach invitations increases 1-time screening among racially diverse and socioeconomically disadvantaged populations 2 ; however, most studies of screening strategies have focused on single steps in the screening process, with few comparing their effect on completion of the entire process over time. [10] [11] [12] One-year results of a pragmatic, randomized comparative effectiveness trial of FIT outreach, colonoscopy outreach, and usual care for increasing CRC-screening initiation in a large safety-net health system were previously reported. 13 This study reports a primary outcome comparing FIT outreach, colonoscopy outreach, and usual care for increasing CRC screening process completion (screening initiation and follow-up) within a 3-year period.
Methods

Study Population
Parkland Health and Hospital System, a publicly funded integrated safety-net health system, includes a 900-bed hospital and 12 community-based primary care clinics, specialty clinics, and colonoscopy suites. Parkland offers a sliding fee scale program-Parkland Financial Assistance-providing access to primary and subspecialty medical care (including CRC screening, follow-up diagnostic testing, and treatment evaluation) for uninsured Dallas County residents in Texas.
The study was approved by University of Texas Southwestern's institutional review board (Supplement 1). For this pragmatic trial, the University of Texas Southwestern institutional review board deemed a waiver of consent to be ethical and appropriate because (1) the study was minimal risk because CRC screening is the standard of care and available to all persons through usual care, (2) a waiver of consent would not adversely affect the rights and welfare of participants, (3) the large-scale trial would not be feasible if informed consent were required, and (4) conducting a cancer screening trial in only those consenting to participate would have a large volunteer bias threatening its generalizability and validity as a population health strategy. Although prior studies demonstrate the benefits of screening outreach interventions, CRC screening for most persons in the United States (including those at Parkland Health and Hospital System) is delivered through visit-based screening as recommended by clinicians. Participants in the usual care group would not have had outreach withheld if Parkland decided to implement an outreach program as part of usual care during the study period.
As described previously, 13 the population included individuals aged 50 to 64 years with Parkland Financial Assistance coverage at randomization and a primary care visit during the year prior to randomization (the trial protocol and statistical analysis plan are available in Supplement 1). Parkland Financial Assistance provides access to CRC screening with co-payments on a sliding scale basis ranging from $0 to $50 depending on level of income. Participants were excluded if they were up to date with screening, including colonoscopy within 10 years, sigmoidoscopy within 5 years, or FIT testing within 1 year as ascertained from Parkland's comprehensive electronic health records (EHRs) that include all test and procedure results done anywhere in the health system. Exclusion criteria included (1) no contact information; (2) language other than English or Spanish; (3) history of CRC, inflammatory bowel disease, polyps, or colectomy; and (4) incarceration.
CRC Screening Interventions
Usual care group participants were eligible to receive whatever visit-based screening was recommended and ordered during any in-person outpatient visit. CRC screening test recommendations were at the discretion of clinicians (typically home-based 3-sample FIT [Hemoccult ICT, Beckman Coulter] or colonoscopy) (Supplement 2). Parkland clinics had a visitbased CRC screening EHR reminder that flagged individuals who were not up to date with screening and had primary care clinician-level audit and feedback for CRC-screening performance. The study protocol did not include additional clinician education, patient education, or decision aids for persons in the usual care group. Participants in the FIT outreach group received an invitation letter in both English and Spanish with information regarding CRC risk, a 1-sample home FIT test kit (OC-Auto FIT CHEK; Polymedco) with instructions, and a return envelope with prepaid postage every 12 months during the study period. Using standardized scripts, bilingual research staff telephoned persons who did not return the FIT kit within 2 weeks. Up to 2 attempts to reach each participant by telephone were made by trying home or cell phone numbers recorded in the EHR at different times of the day. Those with abnormal FIT results (cutoff, 100 ng/mL) were informed of results by research staff within 1 week and referred for colonoscopy.
Participants in the colonoscopy outreach group received an invitation letter in both English and Spanish with information regarding CRC risk and a phone number to schedule a colonoscopy. Using standardized scripts, bilingual research staff telephoned persons who did not call within 2 weeks. Up to 2 attempts to reach each participant by telephone were made by trying home or cell phone numbers recorded in the EHR at different times of the day. Participants who called were triaged to open-access colonoscopy slots or preprocedure clinical review by research staff based on a structured history form. They were informed colonoscopy may require a co-payment ranging from $0 to $50 depending on income level. If interested, the procedure was scheduled, and research staff mailed a free bowel prep kit (Gatorade [PepsiCo] and polyethylene glycol 3350) and preprocedure instructions. Research staff called participants 10 days and 2 days prior to colonoscopy to review prep instructions and address preprocedural questions. Participants who did not complete colonoscopy on the basis of EHR data (eTable in Supplement 2) in the Parkland health system received repeat invitation letters each year.
Participants in the outreach groups were eligible for visitbased screening through usual care. Although clinicians may have been aware of the pragmatic trial, they had no knowledge of group assignment unless the participant shared the letter with his or her clinician.
Outcome Measures
The primary outcome-screening process completion within 3 years-was defined as (1) colonoscopy completed with no cancer detected; (2) cancer detected by colonoscopy and treatment evaluation completed within 2 or fewer months; (3) a normal FIT result repeated annually for 3 years (ie, every 12 months anchored on randomization date); (4) an abnormal FIT result with colonoscopy completed within 6 or fewer months with no cancer detected; or (5) an abnormal FIT result with cancer detected by colonoscopy and treatment evaluation completed within 2 or fewer months. 12 All participants were randomized in year 1 (March 2013-January 2014) and followed up through July 2016 for screening receipt. The original study outcome was screening process completion within 40 months. However, the institutional review board protocol was amended in June 2016 to terminate follow-up in July 2016 because Parkland Hospital and its central laboratory were scheduled to close down and move into a new facility. This change would have prevented protocol-specified timely processing and reporting of mailed FIT kits. To maintain the fidelity of the intervention and subsequent comparisons of comparative effectiveness, follow-up time was reduced for outcome ascertainment (Supplement 2). After the modification, the primary study outcome time frame was modified to within 3 years, and actual follow-up time for participants ranged from 30 to 40 months depending on the initial screening invite wave. Colonoscopies with poor prep or without cecal intubation are insufficient and thus were not considered toward screening process completion, nor were FITs that could not be processed (eg, too old or an inadequate specimen). Tests completed as a result of outreach as well as those completed through usual care for any indication were included. Sociodemographics, clinical characteristics, and study outcomes were ascertained from Parkland's EHRs, as was screening participation (ie, both test orders and results). Race/ethnicity in the EHR was based on self-report at the time of initial patient registration and categorized as non-Hispanic white, black, Hispanic white, Asian, or other. This data was included to help describe the study population. Race/ethnicity was included because of the higher CRC incidence and lower screening rates in racial/ethnic minorities.
Secondary outcomes, defined a priori, included (1) proportions of participants with any adenomas and advanced neoplasia and (2) screening harms, including perforation or postcolonoscopy bleeding. Polyp histology was determined from pathology records, with interpretations performed by gastrointestinal-trained pathologists through routine care. Advanced neoplasia was defined as adenomas larger than 1 cm, sessile serrated adenomas, adenomas containing high-grade dysplasia or villous histology, or invasive CRC. Presence of adenomas and advanced neoplasia were determined using EHR data; CRC cases were confirmed to not be missed by EHR data by checking state registry data. Cost-effectiveness of each strategy for promoting screening process completion was an a priori outcome but is not included in this article.
Three post hoc secondary analyses were performed using more-liberal definitions of screening process completion. First, an analysis was performed comparing screening process completion among participants screened through outreach efforts. Second, screening completion was defined using biennial FIT in years 1 and 3 or years 1 and 2, as recommended in Europe, 14 for those with negative results. Participants with abnormal FIT results were still required to undergo colonoscopy within 6 months. Third, comparison of receipt of any screening (≥1 FIT or colonoscopy) over the 3-year period was 
Statistical Analysis
The Pearson χ 2 test was used to compare screening process completion, screening process failures, and screening outcomes (eg, number of adenomas) between groups. Sample size calculations were determined a priori to compare screening process completion across groups. As described in Supplement 2, assumptions for proportions completing each step of the screening process were based on available medical literature (eReferences 1-12 in Supplement 2). Under these assumptions, the predicted screening process completion rates were 16.6% and 13.5% for the outreach groups, yielding a difference of 3.1%. Although no prior studies compared FIT and colonoscopy outreach with the outcome of screening process completion, prior studies of successful CRC screening interventions report differences in screening rates exceeding 3.1%. 15 With 2400 persons assigned to the FIT outreach group and 2400 to the colonoscopy outreach group, an estimated 80% power was needed to detect between-group differences of at least 3.1% in screening process completion, assuming screening process completions of 13.5% for colonoscopy outreach and 16.6% for FIT outreach and a prespecified 2-sided α of .05. After Bonferroni correction to adjust for comparisons between the 3 groups, an estimated 67% power was needed to detect a difference in screening process completion proportions between the 2 intervention groups and more than 95% power to detect differences between both intervention groups and the usual care group at a 2-sided significance level of .017 (Supplement 2). Participants without any subsequent visits at Parkland Health and Hospital System were labeled as lost to follow-up but retained in all analyses, consistent with the plan for an intention-to-screen analysis. Missing data were rare and reported as unknown. An intention-to-screen principle guided analyses, which were conducted with SAS (SAS Institute), version 9.4.
Results
Study Population
Of 5999 individuals eligible for inclusion (median age, 56 years; women, 62%), 2400 were assigned to the FIT outreach group, 2400 to the colonoscopy outreach group, and 1199 to the usual care group ( Figure 1 and Table 1 ). Participants were Hispanic (49%), black (24%), white (22%), and had unknown race/ethnicity (0.6%). Of the randomized participants, 39% preferred the Spanish language, 7.0% had a Charlson comorbidity score higher than 2, and all had 1 or more primary care visit the year prior to randomization (nearly one-third had >3 visits). Less than 2% received gastrointestinal subspecialty care the year before or after random assignment.
Primary Outcome
Screening process completion was achieved in 38.4% (95% CI, 36.5% to 40.4%) of participants in the colonoscopy outreach group, 28.0% (95% CI, 26.2% to 29.8%) in the FIT outreach group, and 10.7% (95% CI, 9.1% to 12.6%) in the usual care group ( Table 2) . Compared with the usual care b Per a priori power calculations, the target sample size was 6000 individuals. A random sample of 6000 individuals was taken from the eligible population (n = 8740); therefore, 2740 individuals were not selected for randomization.
c Lost to follow-up was defined as a lack of subsequent visits at Parkland Health and Hospital System (Dallas, Texas).
group, screening process completion was 27.7% (95% CI, 25.1% to 30.4%) higher in the colonoscopy outreach group and 17.3% (95% CI, 14.8% to 19.8%) higher in the FIT outreach group and 10.4% (95% CI, 7.8% to 13.1%) higher for the colonoscopy outreach group compared with the FIT outreach group (P < .001 for all comparisons).
Secondary Outcomes
Adenoma and advanced neoplasia detection rates differed by study group (Table 3) . Adenomas were detected in 344 participants (14.3%) in the colonoscopy outreach group, 128 (5.3%) in the FIT outreach group, and 48 (4.0%) in the usual care group. Advanced neoplasia was detected in 105 participants (4.4%) in the colonoscopy outreach group, 49 (2.0%) in the FIT outreach group, and 16 (1.3%) in the usual care group. Compared with the usual care group, detection rates were 10.3% (95% CI, 9.5% to 12.1%) higher for adenoma and 3.1% (95% CI, 2.0% to 4.1%) higher for advanced neoplasia in the colonoscopy outreach group (P < .001 for both) and 1.3% (95% CI, −0.1% to 2.8%) higher for adenoma and 0.7% (95% CI, −0.2% to 1.6%) higher for advanced neoplasia in the FIT outreach group (P = .08 and P = .13, respectively). The differences between outreach groups were 9.0% (95% CI, 7.3% to 10.7%) for adenoma and 2.4% (95% CI, 1.3% to 3.3%) for advanced neoplasia (P < .001 for both). Among participants with any screening, the colonoscopy outreach group yielded 19.2% (95% CI, 16.4% to 22.0%) higher adenoma detection and 5.0% (95% CI, 3.3% to 6.8%) higher advanced neoplasia detection than the FIT outreach group. Among those who completed the screening process, adenoma and advanced neoplasia detection rates were In a post hoc analysis only including participants screened through outreach efforts, screening process completion was 15.4% (95% CI, 12.8% to 18.0%) higher for the colonoscopy outreach group than the FIT outreach group (33.7% for the colonoscopy outreach group vs 18.3% for the FIT outreach group, P < .001). Of those who completed the screening process, only 1.0% (n = 9) in the colonoscopy outreach group completed an annual usual care FIT, whereas 33.1% (n = 222) in the FIT outreach group instead completed colonoscopy via usual care.
In post hoc analyses with less-stringent definitions for screening process completion, the colonoscopy outreach group had 0.5% (95% CI, −2.2% to 3.4%) lower screening process completion than the FIT outreach group if requiring biennial FIT (41.0% for the colonoscopy outreach group vs 41.5% the FIT outreach group, P = .68). Any screening receipt over the study period was intermediate (51 
Screening Process Failures
There were screening process failures at multiple steps in the screening process in each group (Figure 2 ). In the colonoscopy outreach group, nearly half of the participants (n = 1056; 44.0%) did not initiate screening, 27 (1.1%) had incomplete colonoscopy without cecal intubation, 23 (1.0%) had inadequate prep quality, and 18 (0.8%) had both incomplete colonoscopy and inadequate prep quality. Among participants in the colonoscopy outreach group who opted for FIT via usual care, 319 only underwent intermittent FIT (with 250 undergoing 1 FIT and 69 undergoing FIT in only 2 of 3 years). Among 54 participants with an abnormal FIT result, 35 (64.8%) did not have a timely follow-up colonoscopy (22 underwent colonoscopy after 6 months, 12 did not undergo colonoscopy, and 1 had an inadequate colonoscopy due to a lack of cecal intubation). All participants in the colonoscopy outreach group who were found to have CRC (n = 10) had a timely treatment evaluation.
Among participants assigned to the FIT outreach group, 724 (30.2%) did not initiate screening. More than one-third (n = 888; 37.0%) of participants only underwent intermittent FIT (522 had 1 FIT and 366 had FIT in only 2 of 3 years). Among 162 participants with an abnormal FIT result, 108 (66.7%) did not have a timely follow-up colonoscopy (17 underwent colonoscopy after 6 months, 83 did not undergo colonoscopy, and 8 had inadequate colonoscopies due to a lack of cecal intubation or inadequate prep quality). Of participants in the FIT outreach group who opted for colonoscopy via usual care, 2 were incomplete without cecal intubation and 7 had inadequate prep quality. All participants in the FIT outreach group who were found to have CRC (n = 7) had a timely treatment evaluation.
Among participants in the usual care group, 697 (58.1%) did not initiate screening, 4 (0.3%) underwent colonoscopy without cecal intubation, and 7 (0.6%) had inadequate prep quality. There were 339 (28.3%) participants who only underwent intermittent FIT screening, and among the 30 participants with an abnormal FIT result, 24 (80%) did not have a timely follow-up colonoscopy (10 underwent colonoscopy after 6 months and 14 did not undergo colonoscopy). All 3 usual care participants (0.3%) with CRC had a timely treatment evaluation.
Discussion
In this pragmatic randomized clinical trial among adults aged 50 to 64 years who were receiving primary care in an urban safety-net health system, both mailed outreach interventions encouraging FIT and encouraging colonoscopy increased the proportion of individuals who completed the CRC screening process within 3 years compared with usual care. Colonoscopy outreach was more effective than FIT outreach for screening process completion, from screening initiation to repeat screening and diagnostic evaluation. However, screening process completion for both outreach groups remained below 40%, highlighting the potential for further improvement. Higher screening process completion among participants in the colonoscopy outreach group translated to higher adenoma and advanced neoplasia detection, although there was no difference in cancer detection.
Although the primary outcome of screening process completion is a more rigorous and clinically important outcome than 1-time screening, it remains an imperfect surrogate for reduced mortality-the ultimate goal of cancer screening. There was a higher proportion of adenomas and advanced neoplasia in the colonoscopy outreach group; however, the trial was not powered to evaluate differences a Participants who completed 3 FITs in 3 years did so by outreach only (60%; n = 237), combination of outreach and usual care (39.2%; n = 155), and usual care only (0.8%; n = 3).
Research Original Investigation
Effect of Colonoscopy vs FIT Outreach on CRC Screening Completion in early CRC detection. The CONFIRM 16 and COLONPREV 17 trials are ongoing multicenter studies comparing colonoscopy and FIT for early CRC detection and mortality, but they are years away from reporting. In the absence of data on long-term outcomes for FIT-based vs colonoscopy-based screening strategies, these results suggest colonoscopy outreach may be particularly effective for promoting screening process completion in health systems with sufficient endoscopic capacity. Although studies suggest FIT invitations are more effective than colonoscopy outreach for 1-time screening, 3, 18 participants in this study who were offered colonoscopy outreach had higher screening process completion and adenoma detection when followed for a longer duration. FIT has lower barriers to 1-time participation 19, 20 but requires annual screening and diagnostic evaluation of abnormal results. In contrast, colonoscopy is both a screening and diagnostic test, so a single examination can satisfy screening process completion for up to 10 years. Although colonoscopy outreach was the most-effective outreach strategy, this may not be scalable to larger at-risk populations within health systems due to finite endoscopic capacity, 18, 21 greater costs, and potential procedurerelated complications. 22, 23 Although the study's follow-up period was longer than most studies, it was not sufficient to determine whether participants who had adenomas removed underwent appropriate follow-up surveillance examinations. Similarly, FIT outreach may not be scalable in all health systems due to costs. Although the outreach strategies increased screening process completion compared with usual care, screening completion remained below 40% in both outreach groups. The types of screening process failures at each step differed by test. Although nearly half of the participants in the colonoscopy outreach group did not initiate screening, there were minimal downstream process failures among participants who did. Fewer participants undergoing colonoscopy may complete the screening process when considering longer periods because 3-year and 5-year surveillance colonoscopies would be required for those with higher-risk polyps. Prior studies show underuse of surveillance colonoscopy in up to 50% of eligible patients. [24] [25] [26] In contrast, nearly 70% of participants in the FIT outreach group initiated screening but over one-third did not undergo repeat screening despite free annual mailed kits. Two-thirds of participants in the FIT outreach group also did not undergo diagnostic evaluation after abnormal FIT results. These data are consistent with prior studies demonstrating prevalent screening process failures, with 25% to 70% of patients who complete the initial FIT not undergoing repeat testing and 20% to 50% of those with an abnormal FIT result not receiving timely diagnostic evaluation. [4] [5] [6] [27] [28] [29] However, follow-up of abnormal FITs in this study was at the lower end of the spectrum, highlighting the need to address these screening process failures to improve FIT effectiveness. These data can help clinicians weigh the pros and cons of different CRC screening strategies in their patient population and practice environment. It is important to consider patients' barriers to screening initiation when recommending colonoscopy and the need for annual screening or diagnostic colonoscopy when recommending FIT. From the health system perspective, data on screening process failures can help identify intervention targets to improve screening effectiveness. Initiating colonoscopy screening may be improved by patient-level (transportation assistance) or system-level (reducing co-payment costs) interventions. [30] [31] [32] Studies have demonstrated patient-level (education) and system-level (automated reminders) interventions can improve repeat FIT completion. 10, 33 Moreover, these data can inform simulation studies comparing colonoscopy and FIT as system-level screening strategies. A decision analysis conducted by the USPSTF concluded annual FIT provides similar life-years gained as colonoscopy every 10 years, but this assumed 100% adherence with screening and diagnostic evaluation for strategies, so more-nuanced modeling studies are needed. 34 Although both outreach strategies significantly increased screening completion compared with usual care, screening process completion remained below 40% in both groups. Thirty-three percent of participants assigned to the FIT outreach group who completed the screening process did so via usual care colonoscopy, which suggests providing a choice of screening modalities and shared decision making may be an effective strategy. [35] [36] [37] Inadomi and colleagues 38 found that providing patients a choice of screening modality increased screening participation, although not statistically significant, compared with only offering a fecal occult blood test. However, participation in the study required consent, potentially selecting for those interested in CRC screening and introducing volunteer bias, so it is possible providing choice would have greater effect in a pragmatic trial setting. This study has several strengths including its large sample size, racially and socioeconomically diverse patient population, pragmatic study design avoiding volunteer bias, and innovation comparing colonoscopy vs FIT outreach to promote screening process completion over several years.
Limitations
This study has several limitations. First, because this was a pragmatic trial, mailed invitations were simple, 1-page letters and not in-depth decision aids. Second, the trial included reserved colonoscopy appointment slots, which may not be feasible if scaled to larger at-risk populations. However, the number of slots for colonoscopies were designated to mirror waiting times for usual care participants (median time from order to colonoscopy appointment, 106 days for colonoscopy outreach patients vs 101 days for usual care patients). Third, participants could have received screening at outside institutions, although this is highly unlikely because nearly all of the participants' insurance arrangements only covered care within the safety-net health system and these low-income individuals would be very unlikely to pay out of pocket for cancer screening done elsewhere. Fourth, the low absolute rates of screening may be partly explained by participants' beliefs about CRC screening, moving, not following-up at Parkland, or having contraindications to screening, which may be underrecog- nized given the pragmatic design of the trial. Fifth, differences in adenoma and advanced neoplasia detection were partly driven by low proportions of diagnostic colonoscopy after an abnormal FIT result but reflect challenges associated with screening with noninvasive tests such as FIT. Sixth, colonoscopy indication could not be ascertained so some colonoscopies in each group may have been diagnostic. In addition, the study was not powered to detect differences in CRC detection or mortality.
Conclusions
Among persons aged 50 to 64 years receiving primary care at a safety-net institution, mailed outreach invitations offering FIT or colonoscopy compared with usual care increased the proportion completing CRC screening process within 3 years. The rate of screening process completion was higher with colonoscopy than FIT outreach.
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PROSPR CENTER OVERVIEW:
The overall goal of the Parkland-UT Southwestern PROSPR Center (IRB #082011-040) is to optimize colon cancer screening through personalized regimens in our integrated safety-net clinical provider network, which serves a large and diverse population of under-and un-insured patients in Dallas. Together, three research projects will assess clinic, system, and organizational factors associated with over-, under-and guideline-based screening among this important population and will compare benefits, harms, and costs of strategies for facilitating optimized screening regimens. Our theme of optimizing colorectal cancer screening in a safety-net clinical provider network brings together several components. Its focus on colorectal cancer (CRC) screening which is important, because CRC is the second cancer killer in the US while being the only major cancer for which optimized screening results in primary prevention. Despite this strong potential benefit, CRC screening remains suboptimal overall, and especially among low-income and minority individuals served by safety-nets. Safety-net networks therefore offer tremendous potential for CRC prevention and control, but numerous factors at the clinics-, system-, and organization-level influence their ability to provide optimized care.
Each of our PROSPR Center's projects is innovative and addresses the continuum of care. Project 1 addresses transitions 1 and 3, employing novel, algorithmically driven tools in clinics to determine personalized optimized screening regimens for individual patients and track whether each has received the indicated guideline-based screening. Project 2 addresses all three transitions through a novel comparative effectiveness study of benefits, risks, and costs of two outreach strategies for promoting screening completion and guideline-appropriate follow-up. Project 3 addresses transitions 2 and 3 by focusing on organizational culture, structure, and protocols, using both quantitative and qualitative methods to elucidate factors influencing completion of effective screening processes. Our projects address research priorities identified through a recent NIH State of the Science Conference, including: implementing interventions proven effective at increasing CRC screening (Projects 1 & 2), conducting research to assess effectiveness of tailoring programs to match characteristics and preferences of target populations (Project 1), implementing systems to ensure follow up of positive CRC screening results (Projects 1, 2 & 3), and conducting studies to determine comparative effectiveness of CRC screening methods in usual practice (Project 2). Project 1-Employ innovative methods for assessing personalized guideline-based screening in the clinic setting to evaluate guideline-based, over-and under-screening; Project 2 -Compare benefits, harm, and costs of three system-level strategies for inviting patients to screening and promoting guideline-based follow up, with particular focus on completing an effective screening process. Project 3 -Examine specific organizational factors that contribute to completion of guideline-based screening processes and examine which organizational factors modify relationships between social disadvantage and completion of guideline-based repeat screening and follow up of abnormal test results. 3: Contribute to a national PROSPR network by actively participating in network activities, including: (a) collaborating with the National Data Coordinating Center regarding approaches for measuring screening effectiveness, (b) sharing algorithmically driven tools facilitating personalized screening regimes, (c) sharing EMR capabilities with other Epic institutions, and (d) becoming a leader in cancer screening processes in safety-net systems.
While the SPDU will be exclusively responsible for all required PROSPR network data collection, processing and transfer activities, our complementary Shared Research Resources Core (SRRC) will serve as the local "data coordinating center" of our PROSPR center. The SRRC will work with Projects 1-3 to identify patients for recruitment; track study accrual; and manage, process, and analyze all Project data. The SRRC will also help assure consistent data definitions and terminology for harms, benefits, and other common domains across the SPDU and Projects. The SRRC and SPDU will work closely together as much of the required SPDU screening process data will be used by the SRRC to identify eligible patients for Projects 1-3, and ascertain the processes and outcomes of the CRC screening process for study participants. An innovative activity of the SRRC will be to extract from Epic a novel set of electronically derived measures of social disadvantage previously developed by the Parkland Center for Innovation.27 This will empower Projects 1 and 2 to examine the influence of these factors on the in-reach and out-reach programs, as well as provide Project 3 with critical explanatory variables to understand the impact of clinic-level organizational factors on the CRC screening process.
PROJECT 2 PURPOSE:
This study addresses two critical public health questions: (1) What is the most clinically and costeffective CRC screening strategy from a population perspective in general, and (2) among safety-nets in particular? Innovative features include a centralized process to promote outreach invitation and guideline-appropriate follow up, a focus on a population at high risk for adverse CRC outcomes, and a pragmatic design to maximize generalizability. Study findings will provide great insight into the most clinically and cost-effective ways to provide population screening to groups at highest risk for adverse CRC outcomes. We will conduct a system-level, randomized comparative effectiveness trial of the benefits, harms, and costs of three screening strategies over three years, among 6000 patients age 50-64 years, who are not up-to-date with CRC screening, served by a large safety-net system. The three strategies that will be studied are: 1) Fecal immunochemical testing, with annual mailed invitation outreach (including a test kit), and a centralized process to promote participation and complete clinical follow up (FIT) 2) Colonoscopy, with annual mailed invitation outreach, and a centralized process to promote participation and complete clinical follow up (Colo) 3) Usual Care, with screening initiation and subsequent follow up at discretion of individual providers during clinic visits (Usual Care). Groups 1 and 2 will also receive Usual Care.
The primary measure of benefit will be an outcome measure that summarizes patient-specific effective screening "successes." The primary measure of harm will be screening non-participation. The primary measure of cost will be cost-per patient effectively screened. 
BACKGROUND:
Colorectal cancer is an important public health problem, but participation in CRC screening is suboptimal, particularly for the uninsured and minorities. Colorectal cancer (CRC) is the 2 nd leading cause of cancer death in the US, though CRC mortality can be reduced by effective screening. Observational and randomized controlled studies have shown that stool blood testing, sigmoidoscopy, and colonoscopy can reduce CRC mortality and incidence [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, participation in CRC screening remains suboptimal, and is particularly low for the uninsured and minorities 16 .
There is uncertainty as to whether a strategy of screening based on colonoscopy is more effective than a strategy of screening based on a stool blood test. There is also uncertainty as to the most effective approaches to include within a screening strategy to optimize screening participation and guideline-appropriate follow up. Colonoscopy and stool blood testing (such as with a fecal immunochemical test-FIT) are the two most common screening tests used 3;17 . Colonoscopy is particularly heavily endorsed by some medical societies and the media 1;18 . Nonetheless, there is uncertainty as to which test is best as part of a screening strategy. Further, there is uncertainty regarding the most effective approaches for optimizing screening participation and guideline-appropriate follow up 3;17 . Modeling studies suggest that the benefits and harms of colonoscopy and FIT strategies are similar, but these generally assume 100% participation in tests and subsequent clinically appropriate follow up-something never achieved in clinical practice 2;19-21 . Colonoscopy is a more sensitive test for polyps and CRC, but prior work suggests that some patients are unwilling to participate in colonoscopy, and that organizational capacity to perform colonoscopies for all individuals is limited 17;21;21;22 . Thus, a screening strategy offering colonoscopy may be ultimately ineffective because of both limited participation and colonoscopy capacity. Similarly, though a FIT strategy may be associated with high initial participation, effectiveness of this strategy requires repeat annual testing for patients with normal [23] [24] [25] [26] [27] [28] [29] [30] [31] .
Given such examples of test-specific variability in elements required for effective screening, it remains unclear which screening strategy will be most effective in real world settings. Safety-net health systems (safety-nets) care for populations, such as the uninsured and minorities, at increased risk for adverse CRC outcomes and ineffective screening. The uninsured have much lower CRC screening rates, higher stage at presentation, and worse overall and stage specific CRC mortality compared to the insured 32 . African Americans have the highest CRC incidence, youngest age of onset, and most advanced stage at presentation, leading to the highest CRC mortality rates of any group 33;34 . Hispanics are less likely to be screened, and more likely to be diagnosed with advanced CRC and die from CRC than non-Hispanic Whites 35 . Further, Spanish language preference is strongly associated with lower colorectal screening rates 36;37 . Because safety-nets disproportionately serve the uninsured and minorities 38 , they have an opportunity to be at the forefront of improving CRC disparities for these and other groups at high risk for adverse CRC outcomes.
Safety-nets must resolve the uncertainty regarding the most effective population-based screening strategy by comparisons of benefits, harms, and costs of candidate strategies. Safety-nets, because of service to groups at highest risk for ineffective screening outcomes such as lack of screening participation, are responsible for a large population with great screening needs. In our Parkland safetynet, more than 32,000 patients are not up-to-date with CRC screening, and the number at our neighboring safety-net in Fort Worth, TX is 16,000 39 . Safety-nets must be careful not to offer services they cannot fully deliver. For example, a colonoscopy strategy requires an immense investment in endoscopy lab facilities, providers for colonoscopy services, and infrastructure to prepare and follow up patients post-colonoscopy. Alternatively, a primary FIT-based strategy requires investment in lab facilities to process FIT kits, processes to follow up patients with abnormal FIT with colonoscopy and normal FIT with yearly FIT, and sufficient colonoscopy resources to accommodate abnormal results.
These factors, when considered together with the requirement for safety nets to optimize use of limited resources, mandate that safety nets study the comparative effectiveness--including benefits, harms, and costs--of candidate screening strategies. We will conduct a randomized comparative effectiveness study of three strategies to boost colorectal cancer screening: 1. Mailed invitation to FIT screening, with centralized processes to promote screening completion, 2. Mailed invitation to colonoscopy screening, with centralized processes to promote screening, and 3. Usual medical care.
CONCISE SUMMARY OF PROJECT:
Colorectal cancer (CRC) is the 2nd leading cause of cancer death in the US, though CRC death can be reduced by screening. However, there is uncertainty as to which screening strategy is most clinically and cost-effective from a population perspective where the aim is to optimize completion of the entire screening process continuum. Modeling studies suggest benefits and harms of colonoscopy and stool blood test strategies are similar, but generally assume 100% participation and subsequent clinically appropriate follow up--something never achieved in clinical practice. Comparative effectiveness studies of testing strategies, including comparisons of specific tests and approaches to optimizing effective test use, are necessary. Safety-net health systems care for populations at increased risk for adverse CRC outcomes, such as the uninsured and minorities, and have more limited resources. Therefore, safety-nets must resolve the uncertainty regarding the most effective screening strategy. We will conduct a systemlevel, randomized comparative effectiveness trial of the benefits, harms, and costs of 3 screening strategies over 3 years, among 6000 patients age 50-64 years, who are not up-to-date with CRC screening, served by a large safety net health system. The three strategies studied will be: 1) Fecal immunochemical testing, with annual mailed invitation outreach (including a test kit), and a centralized process to promote participation and complete clinical follow up (FIT); 2) Colonoscopy, with annual mailed invitation outreach, and a centralized process to promote participation and complete clinical follow up (Colo); 3) Usual Care, with no mailed invitation outreach, and screening offered at primary care visits. The primary measure of benefit will be an outcome measure that summarizes patient-specific effective screening "successes." The primary measure of harm will be screening non-participation. The primary measure of cost will be cost per-patient effectively screened. Our specific aims are to: 1) Compare benefits, harms, and costs of a FIT strategy versus a Colo strategy for CRC screening among patients not up-to-date with screening, and 2) Compare benefits, harms, and costs of a) the FIT strategy vs. Usual Care and b) the Colo strategy vs. Usual Care for CRC screening. The study design is summarized by the Study Schema (Figure 1 ).
STUDY PROCEDURES:
Candidate participants will be identified using Epic and administrative databases by the Shared Research Resources Core (SRRC) (Parkland-UT Southwestern PROSPR Center IRB #082011-040). Eligible patients will be randomly assigned to one of the three screening strategies. SAS procedures will be used for randomization. Patients will be assigned to the three strategies in a 1:2:2 ratio, with:
1,200 patients assigned to Usual Care 2,400 patients assigned to FIT 2,400 patients assigned to Colo Eligibility will be assessed every 3 months of the first year of enrollment, with ¼ of the target sample for each group assigned each quarter. Thus, each quarter, 400 patients will be assigned to Usual Care, 600 to FIT, and 600 to Colo.
Patients assigned to the FIT screening strategy will receive annual invitation to complete FIT screening for a total of three years. Annual invitation will be stopped if the patient has an abnormal FIT test. Patients assigned to the Colo screening strategy will receive annual invitation to complete colonoscopy screening for a total of three years. Annual invitation will be stopped if the patient has a colonoscopy completed. The frequency of mail and phone contact with patients as part of annual invitations is summarized in Table 1 .
Patients assigned to the FIT and Colo strategies will be recruited to participate in screening via mailed invitation. Retention in the screening strategy will be encouraged based on centralized processes to Page 6 of 24 promote screening completion and guideline-based follow up of abnormal tests (phone call reminders to complete screening, screening team communication of abnormal test results to patient and facilitation of subsequent colonoscopy and required treatment visits) as well as repeat annual invitation to screening until a screening test is abnormal (in the case of the FIT group) or a colonoscopy is completed (in the case of the Colonoscopy group). "Live" reminder phone calls will occur in the 2 nd and 3 rd week after mailing invitations; up to two attempts in total will be made to reach the patient to encourage and facilitate screening completion. If a patient refuses contact screening invitations and phone calls will stop.
To promote guideline appropriate clinical follow up, the screening team will initiate the specific procedures for each of the following clinical scenarios (summarized in Table 1): a) Normal FIT. Patients with a normal FIT result will be mailed a letter that reports the normal result and recommends repeat FIT screening annually. The normal FIT result will also be routed via the EMR to the patient's primary provider. b) Canceled FIT. Patients with a canceled FIT result (e.g., specimen too old, specimen label incomplete, and specimen unsatisfactory for testing) will be contacted by telephone, informed why the FIT could not be processed, and encouraged to repeat the test. Interested patients will receive another invitation to FIT screening, with kit included. Patients may receive up to three FIT kits annually. c) Normal Colonoscopy or polyps at colonoscopy. Patients with a normal colonoscopy or polyps detected at colonoscopy will be mailed a letter that reports these results, along with the recommendations documented by the patient's colonoscopist. The patient's primary provider will be sent the post-colonoscopy results and recommendations through the EMR system. d) Abnormal FIT. Patients with an abnormal FIT will be called within one week to be told of their abnormal result and to schedule a diagnostic colonoscopy. This decision will be based on use of a succinct, structured phone triage. Attempts will be made to reach the patient by phone daily for 4 weeks. The patient will also be sent a mailed result report that includes recommendation to call and schedule a colonoscopy. If a patient with an abnormal FIT is reached for phone triage, but cannot be scheduled for colonoscopy due to underlying medical comorbidities, the patient's primary care provider will be notified per usual care. If a patient with an abnormal FIT cannot be reached for phone triage after 5-10 attempts over a 2 week period or if a patient declines diagnostic colonoscopy the nurse practitioner will create a telephone encounter in the patient's electronic medical record (see below). The patient's primary provider will be informed of any abnormal FIT result through the EMR system in order to enlist him/her in encouraging the patient to complete a colonoscopy if the patient is seen in clinic. a. Telephone encounter note for abnormal FIT patients who cannot be contacted: Patient recruited to participate in colorectal cancer screening via mailed invitation (IRB # STU 102011-069). PROSPR Occult Blood Fecal FIT was abnormal. Parkland-UT Southwestern colorectal cancer screening center was unable to contact the patient to schedule diagnostic colonoscopy after 5-10 attempts over a two week period. b. Telephone encounter note for abnormal FIT patients who decline diagnostic colonoscopy:
Patient recruited to participate in colorectal cancer screening via mailed invitation (IRB # STU 102011-069). PROSPR Occult Blood Fecal FIT was abnormal. Parkland-UT Southwestern colorectal cancer screening center contacted the patient who declined diagnostic colonoscopy at this time. e) CRC detected. Standard practice post CRC detection at Parkland is treatment referral at the time of colonoscopic diagnosis. However, for patients for whom diagnosis is made after biopsy review, or for whom no first treatment visit was scheduled, the screening team will conduct several actions to promote first treatment visit consultation. The patient will be called daily to schedule a treatment visit consultation for 7 days. Additionally a mailed letter will be sent to the patient informing him/her of the diagnosis and need to schedule follow up. Further, the patient's primary provider will be notified through the EMR system of the CRC diagnosis and need for follow up.
Outreach invitation letters for the FIT and Colo strategies will be developed in English and Spanish with experts in health communication (Skinner), and our Clinical and Translational Science Initiative's language validation core. The goal will be clarity for patients with low literacy. The letter will be on Parkland letterhead, note patient's age-based risk for CRC, and invite the patient to complete screening.
The FIT screening strategy is comprised by:
Mailed outreach invitation to complete FIT, including a test kit. The invitation kit will include a 1-sample FIT, including simplified instructions on how to perform the test, as well as a return mailer with prepaid postage. Kits will be provided by Polymedco. Diet/medication restriction will not be required. Kits will be returned to the Parkland clinical laboratory and processed per manufacturer recommendations. Hemoglobin of 100 ng/mL will be set as the abnormal threshold per approved standard recommended by Polymedco and the FDA. "Live" phone call reminders to encourage screening completion. Participants will receive two "live" phone reminders from project staff 2 to 3 weeks after the invitation. All communications will use standard English or Spanish scripts. Centralized processes to promote guideline-based follow up, including reminder calls 10 and 2 days before patients' diagnostic colonoscopy appointment. Colonoscopy preparation, instructions, 
Normal FIT Normal Colonoscopy or Polyps at Colonoscopy
Mailed result and follow up recommendation to patient Within one week EMR result and follow up recommendation to primary provider
Abnormal FIT
Phone call to patient to report result and schedule a diagnostic Colonoscopy n/a Within one week Mailed result to patient n/a EMR result to primary provider n/a Colonoscopy n/a Within 12 weeks of result and an appointment reminder will be mailed following the 10-day reminder. Patients with an initial normal FIT will receive recommendation to repeat FIT annually, and annual repeat invitation including an FIT kit. Patients with abnormal FIT will be reflexive called by the screening team to report the result within 1 week of the result and facilitate direct scheduling of a diagnostic colonoscopy. Pre-colonoscopy clinical review will be conducted by a Parkland Clinical Access Coordinator. The goal will be to schedule colonoscopies within 12 weeks of the abnormal FIT. If a CRC is detected, patients who do not have a first treatment consultation visit scheduled immediately after detection will be reflexively called to schedule this visit. These calls will be made daily for up to one week. The goal will be to have a first treatment consultation visit within 2 weeks of CRC diagnosis. All results and recommendations will also be sent to the patient via mail and to the patient's primary provider via the EMR email within 1 week of the result.
The Colo screening strategy is comprised by:
Mailed outreach invitation to complete a colonoscopy. The invitation will include a number to call to schedule a colonoscopy. At time of contact, patients will be triaged by project staff with a structured screening questionnaire to either 1) "direct book" colonoscopy or 2) pre-colonoscopy clinical review conducted by a Parkland Clinical Access Coordinator. "Live" phone call reminders to encourage screening completion. Participants will receive two "live" phone call reminders from project staff 2 to 3 weeks after the mailed invitation. All communications will use standard English or Spanish scripts. Centralized processes to promote guideline-based follow up, including reminder calls 10 and 2 days before patients' screening colonoscopy appointment. Colonoscopy preparation, instructions, and an appointment reminder will be mailed following the 10-day reminder. Patients with a normal colonoscopy or polyps detected will receive findings and recommendations for repeat testing via mail from the colonoscopist. Findings and recommendations will be taken from the colonoscopists' procedure reports and communications to patients and providers. If no postprocedure communication is identified within 3 weeks of the pathology report, we will prompt colonoscopists via email (up to two attempts in total will be made). Notably, during the course of the study, recommendations and communications for post-polypectomy patients will become standardized based on completion of Aim 2 of Project 1. As part of that PROSPR effort, we will design and implement an Epic-based SmartForm decision support tool that will help colonoscopists generate and communicate guideline-based recommendations after postpolypectomy to patients and referring providers. If a CRC is detected, patients who do not have a first treatment consultation visit scheduled immediately after detection will be reflexively called to schedule this visit. These calls will be made daily for up to one week. The goal will be to have a first treatment consultation visit within 2 weeks of CRC diagnosis. All results and recommendations will also be sent to the patient via mail and to the primary provider via EMR email within 1 week.
Usual Care is currently comprised by:
No outreach mailed invitations. Ordering of colonoscopy or FIT for screening at the discretion of the primary provider. All orders in usual care are placed in the EMR. FIT kits are distributed at point of care and returned to clinic for processing at a central lab. Referrals for colonoscopy are handled by the GI clinic/lab staff. Follow up of abnormal tests and results reporting to the patient at the discretion of primary and specialty providers. Currently, primary providers and their staff report abnormal FITs to patients and order colonoscopy follow up based on individual practice. If a CRC is diagnosed, either the primary provider or colonoscopist orders first treatment consultation with a surgeon or cancer specialist. A patient navigator in the oncology clinic facilitates cancer staging tests and treatment consultation visits.
Invitation and procedure timing: One-quarter of patients assigned to the FIT and Colo strategies will be invited every 3 months to facilitate workflow. Annual repeat invitations will occur one year from the initial invitation. For example, a patient invited to complete FIT in the second quarter of the first year of study follow up will receive her second invitation to complete a FIT in the second quarter of the second year of follow up. Patients in the FIT strategy will continue to receive annual invitations unless they have an abnormal FIT result. Patients in the Colo strategy will continue to receive annual invitations unless they complete a colonoscopy (Table 1) .
STATISTICAL ANALYSES:
Primary comparisons of screening strategies will be based the intention to screen principle. All outcomes will be adjudicated within 3 years of randomization. All outcomes will be adjudicated by the SRRC using screening process and outcomes data in Epic.
Aim 1. Compare benefits, harms, and costs of a FIT strategy versus a Colo strategy for CRC screening among patients not up-to-date with screening.
Hypothesis 1a. The rate of patient-specific effective screening "successes" will be higher for the FIT vs. the Colo strategy. "Successes" will be adjudicated based on stringent "all or nothing" criteria 51 . For example, a patient who completes an initial FIT that is normal, but does not subsequently complete an FIT annually for two years will be counted as an effective screening failure. Patients assigned to the FIT or Colo strategy who cross over and receive alternate screening as a result of usual care will be adjudicated as having a screening "success" so long as they meet an endpoint listed in Table 2 . Indeed, we anticipate that in some cases the mailed invitation outreach will result in patient discussions with primary providers who deliver Usual Care that will lead to screening that is not concurrent with the initial strategy to which the patient was randomized. For example, a patient receiving the FIT strategy may visit with a doctor, have a colonoscopy ordered for screening, and complete a colonoscopy that is normal, and be counted as a FIT strategy screening "success." FIT and Colo strategies will be compared using a chisquare test of proportions (2-sided p<.05).
Hypothesis 1b. The rate of screening non-participation will be lower for the FIT vs. the Colo strategy.
Non-participation will be adjudicated based on absence of any FIT, sigmoidoscopy, or colonoscopy within the 3 year follow up period. FIT and Colo strategies will be compared using a chi-square test of proportions (2-sided p<.05). For comparisons of the FIT strategy vs. Usual Care, and the Colo strategy vs. Usual care on the outcomes of screening success and screening non-participation under Hypotheses 2a1, 2a2, 2b1, and 2b2, pairwise comparisons will be performed using a chi-squared test of proportions, with 2-sided p<0.05 considered statistically significant. Sample size estimation for the primary comparison of the FIT vs. the Colo strategy. Our primary sample size estimates were based on the primary effectiveness outcome: proportion of patients achieving one of the effective screening "successes" ( Table 2 ). In order to conduct sample size estimates, we estimated the strategy-specific proportion of patients expected to meet one of the effective screening success endpoints. For example, under the Colo strategy, one success endpoint is: Screening colonoscopy completed, no cancer detected. To estimate the predicted number of patients reaching this endpoint, we used the following formula: Expected Participation Rate Colonoscopy X
Expected Prevalence of Patients with No CRC X Expected Rate of Colonoscopy to Cecum with Adequate Bowel Preparation.
We then added this proportion to our estimate of the proportion of patients reaching the other effective screening success endpoint expected for the Colo strategy: Screening colonoscopy completed, CRC detected, first treatment consultation visit completed. This was estimated using the formula:
Expected Participation Rate Colonoscopy X Expected Prevalence of Patients with CRC X Sensitivity of Colonoscopy for CRC X Expected Rate of Colonoscopy to Cecum with Adequate Bowel Preparation X Expected Rate of Completion of 1st Treatment
Consultation Visit. Formulae used for each of the effective screening endpoints are summarized in Table 3 . The assumptions required for the value of each term in the formulae were based on available medical literature and our prior work, and are summarized by Table 4 .
Using the formulae for estimating strategy-specific rates of effective screening successes (Table 3) , and the assumptions in Table 4 , we calculated summary estimates of the primary outcome: proportion of patients reaching effective screening successes. The predicted rate is 8.6% for Usual Care, 13.5% for the Colo strategy, and 16.6% for the FIT strategy. These outcome estimates are far lower than prior reported outcome rates of CRC intervention studies because the typical primary outcome rate of such studies is the screening participation rate, not the much more stringent, difficult to achieve outcome of proportion of patients completing an effective screening "success" endpoint. Indeed, for randomized studies of interventions to improve screening participation rates, outcome rates of over 25% have been typically reported. Further, it should be noted that in our study, estimates are based on a population which is already known to be not up-to-date with screening, and which may be a particularly refractory population expected to have low rates of conversion to being screen up-to-date or completing an effective screening endpoint. For the primary comparison of the FIT vs. the Colo strategy, assuming alpha=0.05, a sample size of 2,152 patients per group is required to have 80% power to detect a statistically significant difference. In order to take into account potential loss to follow up from the health system of 10%, we will further increase the sample size to take this into account to 2,400 patients. Thus, our estimated total sample size for the primary comparison of FIT vs. Colo strategy is 2,400 patients for the FIT group, and 2,400 patients for the Colo group.
We considered several factors for sample size selection for primary comparisons of the FIT strategy vs. Usual Care, and the Colo strategy vs. Usual Care on the outcome of proportion of patients with effective screening successes. Given that 2,400 patients will be assigned to the FIT strategy, and 2,400 to the Colo strategy, assuming alpha=0.05, 170 patients are required to be assigned to Usual Care for the FIT vs. Usual Care, and Colo vs. Usual Care comparisons to have at least 80% power to detect the differences predicted above. However, we decided to assign a sample size of 1200 patients to the Usual Care Strategy for the following reasons. First, the cost of including more patients in the Usual Care strategy is minimal. This is because no interventions are planned for this group, and because outcome adjudication will be done using EMR data. Much of the data required for all patients in this project's analyses are the same as the data that the Screening Process Documentation Unit will have to submit for all Parkland patients as part of PROSPR mandated Documentation Unit activities. Second, we expect some variation in Usual Care practices across the primary care clinics within the Parkland system. Specifically, individual physicians and clinics may have processes in place that may lead to higher than system average rates of effective screening. We therefore decided to include 1200 patients in the Usual Care arm, resulting in a final randomization ratio of 1:2:2 for Usual Care, FIT, and Colo.
We conducted a post-hoc power calculation using Bonferroni correction to allay potential concerns about Type 1 error. With sample sizes of 2,400 patients in FIT outreach and 2,400 patients colonoscopy outreach and a potential loss-to-follow up of 10%, we had 67% power to detect a difference in the screening process completion proportions of 13.5% and 16.6% between the two intervention groups using a chi-square test at a two-sided significance level of 0.017 with Bonferroni correction. If we assumed no loss-to-follow up, we would have 72% power to detect this difference at a significance level of 0.017. With a sample size of 2100 patients assigned to usual care, assumed screening process completion rate of 8.6%, and 10% potential loss to follow-up, we had >95% power to detect differences of between both outreach intervention groups and usual care using a chisquare test at a two-sided significance level of 0.017. Thus overall, given that power to detect the target differences was substantial, even requiring Bonferroni correction for the key comparisons, chances of a type 1 error are low. Further, examination of the 95% confidence intervals for *For each strategy, the predicted rates of each "success" were estimated, and then summed to come up with the overall predicted strategy-specific proportion of patients achieving effective screening "successes" differences in screening process completion for FIT vs. colonoscopy outreach, and each outreach arm versus usual care, suggest that repetition of the trial would be predicted to result in clinically meaningful, and qualitatively similar differences. Notably, the range of differences between the lower and upper confidence interval bounds around estimates of intervention group differences for the outcome of screening process completion is narrow (under 6%) for all comparisons.
Achieving our target sample size of 6000 patients is entirely feasible. Our preliminary data indicate over 32,000 patients age 50-64 years are seen one or more times within a year, and that over 17,000 also are covered by the Parkland Health Plus medical assistance program for the uninsured. Of these, 38.8% (95%CI, 38.0-39.5) are screen up to date, thus over 10,500 patients are likely to be screen eligible, and the vast majority is expected to meet our simple inclusion/exclusion criteria.
To evaluate the consistency and magnitude of outcomes for all primary hypotheses, we will conduct pre-specified, subgroup analyses on the following baseline (pre-randomization) characteristics: gender, race, ethnicity, socioeconomic status, insurance status, comorbidity rates, and frequency of outpatient visits. These factors were chosen because all have been associated with rates of screening completion, and may predict effective screening "successes" 16;39 . Simple subgroup stratified analyses will be complemented with multiple logistic regression analyses using the proportion of patients effectively screened as the dependent variable, and baseline demographic characteristics and intervention group assignments as independent variables to determine independent predictors of effective screening. Similar analyses will be performed for the outcomes of screening non-participation and cost per-patient effectively screened. Comorbidity will be estimated using the Charleson comorbidity index.
In secondary analyses, we will compare the frequency and rates of screen-detected CRC, advanced adenoma, and CRC mortality for the three strategies (FIT vs. Colo, FIT vs. Usual Care, and Colo vs. Usual Care). These are rare outcomes, so power on these is limited.
In secondary analyses, will compare rates of completion of the steps that are required for effective screening between the three strategies. We have deliberately chosen a stringent, "all or nothing" primary outcome of effective screening success. We will also perform secondary analyses to compare the FIT and Colo strategies, as well as FIT vs. Usual Care, and Colo vs. Usual Care, based on the "partial credit" measure of proportion of steps in the screening continuum completed Cost Assessment Plan. We will conduct cost assessment from the healthcare system perspective of Parkland, with the primary goal of determining the cost per patient effectively screened, for each of the three screening strategies. Effectively screened will be defined by meeting one of the screening *Estimated based on prior analyses for Usual Care **Estimated †Also based on prior feasibility RCT data
Page 13 of 24 "success" endpoints (see Table 2 ). Follow up time for cost-assessment will start at randomization and end either when a patient reaches an effective screening "success" endpoint, or at the end of the three year-follow up time. In the primary cost analysis, costs will specifically include:
For the FIT strategy, costs of mailed outreach invitation and centralized processes to promote screening completion and guideline based follow up. In detail, this will be comprised by costs of identifying screen non-up-to-date patients, invitation letters, FIT kits with return mailer and prepaid postage, test processing, result letters for normal and abnormal tests, and activities to promote screening completion and guideline appropriate follow up, including reminder phone calls, phone calls to direct book a diagnostic colonoscopy and pre-colonoscopy clinical review, follow up test scheduling, colonoscopy costs, and first treatment consultation visits for patients with CRC.
For the Colo Strategy, costs of mailed outreach invitation and centralized processes to promote screening completion and guideline based follow up. In detail, this will be comprised by costs of identifying screen non-up-to-date patients, invitation letters, colonoscopy tests, bowel preparations, result letters for normal and abnormal tests, and activities to promote screening completion and guideline appropriate follow up, including reminder phone calls, phone calls to direct book colonoscopy with pre-colonoscopy clinical review as needed, follow up test scheduling, and first treatment consultation visits for patients with CRC.
For the Usual Care strategy, costs of any FIT kits distributed, FIT kits processed, colonoscopies completed for purposes of screening or follow up of abnormal FIT, bowel preparations, precolonoscopy clinical review and pre-op visits at the Ambulatory Surgical Center, and first treatment consultation visits for patients with CRC.
We will employ well-established methods for all economic analyses, including sensitivity analyses, and use robust measures to gather the inputs required for cost assessments. Standard national costeffectiveness guidelines will be followed 62;63 . In the sensitivity analysis, we will consider the costs of screening that exclude FIT processing and colonoscopy costs to examine cost per patient screened of the centralized processes to promote screening completion and clinical follow up. We will also perform sensitivity analyses to investigate the robustness of the findings to different assumptions including: 1) variation in time costs for the two interventions; and 2) variations in the assumptions made on the discount and inflation rates. We will carry out one-way sensitivity analyses (i.e., examining effect on outcomes by varying one parameter at a time), multivariate sensitivity analyses (i.e., examining effect on outcomes by varying several parameters simultaneously using Tornado diagrams) and probabilistic sensitivity analyses (i.e. simulations based on the likelihood of parameters' values occurring) 62;63 . Strategy costs in each group consist of time costs and material costs. Time costs will be obtained from time logs completed by intervention staff (recording time spent in strategy related activities) and staff wages and benefits. Material costs (for example cost of letters and of FIT kits mailed) will be obtained from invoices and budgets, and claims data when appropriate. Costs of medical services, specifically for hospital-health system inputs, will be obtained from the Parkland system. Medical costs will be measured by the Parkland cost accounting system (Lawson version 9.03). All costs will be standardized to 2013 dollars using the Consumer Price Index for Hospital and Related Services, with costs and outcomes discounted at 3% 64 . The primary cost outcome is the strategy cost per-patient effectively screened. Incremental costeffectiveness ratios (ICER) will be computed as incremental outcome (number of patients meeting one of the effective screening "successes" in the FIT group minus number of patients meeting the same outcome in the Colo group) divided by the incremental cost (total strategy-specific costs in the FIT group minus total strategy-specific costs in the Colo group). Bootstrapping will be used to obtain 95% confidence intervals for the ICER 65;66 . For comparisons of the FIT strategy vs. Usual Care, and the Colo strategy vs. Usual Care, on the outcome of cost per-patient effectively screened, ICERs will be calculated in a similar fashion.
Statistical analyses for cost assessment.
CRITERIA FOR INCLUSION OF SUBJECTS:
The target study population includes 6000 patients (names and contact information selected from the Parkland-UT Southwestern PROSPR Center database IRB #082011-040) who are not up-to-date with CRC screening, age 50-64 years, seen one or more times at a Parkland primary care clinic, and participants in Parkland's medical assistance program for the uninsured, Parkland Health Plus (Parkland Health Plus insurance and >1 primary care visit within one year (Index Year)). Patients who obtain coverage through the Affordable Care Act's Health Insurance Marketplace after randomization will not be removed from the study. Information regarding prior CRC screening will based on Epic codes and EMR-derived diagnosis and procedure codes (CPT, ICD-9, HCPCS, LOINC) for colonoscopy, sigmoidoscopy, or stool blood testing 48 . Both English and Spanish speakers will be eligible for participation. No racial or ethnic group will be excluded from participation.
CRITERIA FOR EXCLUSION OF SUBJECTS:
Patients will be excluded if they are up-to-date with CRC screening, defined by: a) Colonoscopy in the last 10 years, b) Sigmoidoscopy in the last 5 years, or c) Stool blood test (FIT) in the last year. Patients with a prior history of CRC, inflammatory bowel disease, or colon polyps, or who do not have an address or phone number on file will be excluded. Incarcerated individuals will also be excluded.
SOURCES OF RESEARCH MATERIAL:
The Research materials are: 6000 subjects' names and contact information selected from the Parkland-UT Southwestern PROSPR Center database (IRB #082011-040) who have been seen one or more times at the PHHS primary care clinic and PHHS electronic medical records to review CPT codes related to CRC screening, visits and tests.
RECRUITMENT OF SUBJECTS:
Recruitment will occur with the following steps:
1. EMR data will be used to identify individuals aged 50 to 64, with at least one primary care visit in the last year. 2. Study inclusion and exclusion criteria will be applied to this dataset. 3. A random sample of 6000 individuals meeting study inclusion criteria will be identified. 4. The 6000 patients randomly selected will be randomly assigned to one of three groups in a 1:2:2 ratio: a) Usual Care, b) FIT strategy, c) Colo strategy. 5. Individuals randomized to usual medical care will not be directly contacted at any point of the trial; study data and outcomes will be abstracted from the EMR data. 6. Individuals initially randomized to colonoscopy based screening will receive the following: a. Mailed invitation to complete colonoscopy b. "Live" reminder phone calls
Page 15 of 24 c. Centralized processes to promote screening completion and guideline appropriate follow up 7. Individuals initially randomized to fecal immunochemical testing based screening will receive the following: a. Mailed invitation to complete a FIT, with a test kit b. "Live" reminder phone calls c. Centralized processes to promote screening completion and guideline-appropriate follow up
Process for obtaining informed consent, and justification for waiver of informed consent: 1. A waiver of consent will be sought for identifying patients aged 50 to 64 who meet study inclusion criteria from the EMR data. 2. A waiver of consent will be sought for random selection of 6000 participants for study inclusion, and for randomization of these participants into one of three strategies. 3. A waiver of consent will be sought for collection of study data for individuals randomized to usual medical care from EMR data, as well as for the FIT and Colo strategies.
Justification for waiver of written/informed consent:
Minimal risk is anticipated. Both fecal immunochemical testing and colonoscopy are accepted standards of care for screening for CRC screening. No experimental screening procedures are planned. Indeed it is only the method of invitation to screening, and processes to promote screening completion and guideline-appropriate follow up that are under study. Further all individuals, regardless of the screening group to which they are randomized, are free to engage in usual medical care, which would include opportunities to partake in CRC screening. The waiver would not adversely affect the rights and welfare of the subjects. Individuals randomized to programmatic invitation to screening are not being invited to experimental therapies or screening tests. Absence of consent is not anticipated to infringe on the participant's autonomy, as all individuals randomized may chose to participate or not participate in screening 85 . Moreover, individuals invited to a specific modality such as FIT can call the study coordination team and express interest in an alternate screening test; at that point they will be referred to their primary physician to complete screening. The intervention does not interfere with usual medical care, which would otherwise include opportunities for participation in CRC screening. The interventions are not anticipated to decrease the rate of screening as compared to usual medical care. Further, the health system could have introduced one or more of the interventions proposed without research. The main component of this study that constitutes research is the systematic measurement of study outcomes such as effective screening "successes" among individuals randomized to one of the three groups.
85
Study cannot be practically conducting without waiver. To do a study of interventions that examines effective CRC screening, and require that only those with prior informed consent participate would markedly bias the study trial results, and greatly limit generalizability, as individuals who consent to be a part of the intervention, and then are randomized, are likely to already be motivated to participate in CRC screening. Further, if informed consent is required, it will be unclear whether non-responders to the study intervention did not respond because of inadequacy of the intervention, or because of non-interest in participating in research. In sum, there is no way to answer the study question without a waiver of informed consent. The subjects will be provided with additional information after participation. We will publicize results of the study, with specific mailings to all participants informing them of the knowledge gained.
POTENTIAL RISKS:
Page 16 of 24 1. Loss of confidentiality of personal health information. Outreach invitation letters for the FIT and Colo strategies will include patient name and address. The likelihood of this complication is low, as substantial steps will be taken to ensure the safety of personal heath data. The seriousness to subjects is moderate to severe. 2. Psychological harm of screening invitation. Psychological harms, such as anxiety, depression, and adverse reactions to negative or positive tests have been suggested as a concern for population based screening. among responders to fecal immunochemical testing with positive tests). While data regarding psychological harm from colonoscopy based screening are not available, data from a large trial of stool based screening suggest no statistically significant increase in psychological harms such as anxiety after a positive stool blood test, depression, or suicide among individuals invited to stool based screening as compared with controls not offered screening 81 . Overall, the seriousness of psychological harm is judged to be moderate, but the likelihood of psychological harm is projected to be low. 3. Physical harm-colonoscopy. Colonoscopy has a known complication rate of 3 per 1000, including bleeding, perforation, and heart or lung complications 19 , and a mortality rate of 1 per 14,000 82 . However, in modeling studies of CRC screening with colonoscopy, the life-years gained from colonoscopy based screening relative to no screening has been estimated to be substantial, estimated at 230 life-years gained 20 . Thus, the seriousness of colonoscopy complications if one were to occur is moderate to severe, the likelihood of occurrence is low, and the balance of benefits of colonoscopy versus risks appears favorable. The colonoscopy associated risks for patients randomized to this study will be expected to be identical to the risks patients not enrolled in the study would experience as part of standard medical care at Parkland. 4. Physical harm-fecal immunochemical testing. Harms associated with stool occult blood screening for CRC are generally limited to risks conferred by colonoscopy performed in follow up of positive stool tests. Approximately 10% of individuals will have positive stool tests and require colonoscopy, and be exposed to the risks outlined under "physical harm-colonoscopy" above. In modeling studies, of CRC screening with fecal immunochemical testing for occult blood the life-years gained from fecal immunochemical testing based screening relative to no screening has been estimated to be substantial, estimated at 227 life-years gained 20 . Further, in a large randomized trial that closely evaluated physical risks associated with mass-scale fecal occult blood testing, the rate of physical harm was low 73 . Thus, the seriousness of complications associated with fecal immunochemical testing if one occurs is moderate to severe, but the likelihood of occurrence is low, and the balance of benefits associated with fecal immunochemical testing versus risks appears favorable. 5. Financial harm--screening. There will be no financial cost associated with completion of the fecal immunochemical test to subjects invited for fecal immunochemical testing, as the tests will be provided free of charge, with return postage included, and no cost for processing of the test. For participants who respond to invitation for screening colonoscopy, or require colonoscopy for follow up of a positive fecal immunochemical test, monetary co-pay or co-insurance may be required by the Parkland Health Plus medical assistance program or other insurance plans (such as, insurance through the Affordable Care Act). A copay for colonoscopy completion of up to $50.00 is anticipated. Thus, the seriousness of financial harms associated with screening is limited, and the likelihood of some financial cost is moderate. 6. Financial harm-treatment of cancer or unresectable polyps. Through the course of the trial, it is conceivable that patients may be diagnosed with CRC and/or polyps not amenable to colonoscopic removal. Financial costs to treatment of cancer will reflect those incurred as a course of usual medical care for those with health insurance. Thus, participants diagnosed with CRC may incur co-pays and co-insurance for cancer care. Parkland is committed to providing all patients requiring cancer and/or polyp care identified through the intervention arms of the study with appropriate medical care. Overall, the seriousness of financial harms associated with treatment of cancer is minimal to moderate, and the likelihood of some financial cost is low, mainly because the prevalence of cancer is expected to be low.
SPECIAL PRECAUTIONS:
Minimization of psychological harm of screening invitation. All individuals invited to participate in screening will be provided with a number they may call to make inquiries regarding CRC screening and the study. Individuals who respond to invitation for FIT will be informed of their test results within 1 week of test completion. Individuals who are found to have a positive fecal occult blood test will be scheduled for colonoscopy procedures within 12 weeks to minimize anxiety associated with a positive test. Individuals responding to invitation for colonoscopy screening will be provided with colonoscopy results immediately following completion of endoscopy and be given a written report. Those diagnosed with colorectal polyps or cancer based on pathology review will receive results via mail, as well as clinically indicated follow up.
Minimization of physical harm-colonoscopy and fecal immunochemical testing. All colonoscopies will be performed or directly supervised on a one to one basis by colonoscopists with extensive experience (at least 200 colonoscopy procedures per year), as a greater annual volume of colonoscopic procedures per year has been associated with lower likelihood of colonoscopy complications. In accordance with a national quality assurance guideline, all colonoscopists will be required to note a) whether or not the cecum was reached and which landmarks were used to determine cecal intubation, b) adequacy of the bowel preparation, c) number, size, and location of all polyps identified, d) adequacy of removal of all polyps identified, and e) time spent examining the colon mucosa on withdrawal 86 .Harms associated with stool occult blood screening for CRC are generally limited to risks conferred by colonoscopy performed in follow up of positive stool tests. Therefore, the steps taken to minimize harm from colonoscopy outlined above address minimization of harm from fecal immunochemical testing.
Procedure for responding to physical harm from colonoscopy. The study participant will immediately be informed of the physical harm, and appropriate medical and surgical interventions will be facilitated. The IRB and NIH will be informed in case of this event.
Minimization of financial harm-screening. There will be no financial cost associated with completion of the fecal immunochemical test to subjects invited for fecal immunochemical testing, as the tests will be provided free of charge, with return postage included, and no cost for processing of the test. For participants who respond to invitation for screening colonoscopy, or require colonoscopy for follow up of a positive fecal immunochemical test, monetary co-pay may be required. Procedure for responding to psychological harm from screening. The study participant who experiences psychological harm will be informed by the study primary investigator (Amit Singal, MD) in case of this event. Appropriate referrals for medical and/or psychological care will be facilitated. The IRB and NIH will be informed in case of this event.
Minimization of financial harm-treatment of cancer or unresectable polyps. Financial costs to treatment of cancer will reflect those incurred as a course of usual medical care for those with health insurance. Thus, participants diagnosed with CRC may incur co-pays and co-insurance for cancer care. Parkland has committed to identifying resources to allow for cancer care or surgical resection of polyps un-amenable to colonoscopic resection.
Data and Safety monitoring plan. The principle monitoring entity will be the Primary Investigator, Amit Singal, MD, with daily monitoring. The Institutional Review Boards at University of Texas Southwestern Medical Center and Parkland Health and Hospital System will monitor the trial on an annual basis, and on an ad hoc basis in the case of adverse event report to the one or more of the IRBs. Serious adverse events will be reported to the principle investigator immediately and to both the UT Southwestern and Parkland Health and Hospital System immediately (within 1 business day). Safety and efficacy data will be evaluated formally at the end of the study period, within 3 years from the beginning of the study; no interim safety or efficacy analyses are planned as the risks associated with the study are similar to those a participant would undergo in the course of usual medical care.
The protocol will be stopped for any of the following reasons: Unanticipated serious adverse event such as loss of confidentiality (the protocol will be temporarily stopped and if deemed appropriate the protocol will resume after all reports have been completed) Occurrence of more than one colonoscopy associated complication such as bleeding or perforation Request by Institutional Review Board Unanticipated event deemed appropriate indication for stopping the trial by the Principal investigator.
Plans for assuring data accuracy, data security, and protocol compliance include: Access to study data only by designated study personnel Study data will be kept in a locked room, on a password protected computer, with password protected file. All paper case-report forms will be destroyed after data entry, and kept in a locked room within a locked filing cabinet until data entry and subsequent destruction Daily backup of study data to a central, firewalled, password protected server at University of Texas Southwestern Medical Center Daily monitoring of protocol compliance through conversations between the principle investigator and research assistants
The mechanisms for reporting unanticipated problems will include: Report of the unanticipated problem to the Institutional Review Boards at University of Texas Southwestern Medical Center and Parkland Health and Hospital System immediately (within 1 business day). Report of the unanticipated problem to the National Institutes of Health within 10 business days.
Continuing Review will be performed by the IRB on an annual basis, or more frequently, if required. As part of the Continuing Review submission to the IRB: On the IRB Form for continuing review, items referencing unexpected and serious adverse events and DSMB activities will be completed appropriately with a comment to describe the event(s) according to IRB template instructions. The Progress Report will be completed according to IRB template instructions and include the principal investigator's a summary of unexpected and serious adverse events and protocol deviations with an analysis of the safety profile of the research.
If not already done, protocol documents (e.g. protocol, project summary) that require changes based on changes to the risk profile of the research or DSMB recommendations will be submitted as a Modification with the Continuing Review according to IRB instructions.
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A declaration of on-going operational feasibility. If the enrollment rate in the previous year is not sufficient to reasonably reach planned enrollment, a plan should be offered to assure completion of the study.
PROCEDURES TO MAINTAIN CONFIDENTIALITY:
All study data will be kept on within password protected data management programs, on password protected computers, and backed up daily. No non-study personnel will have access to study data. Any data abstraction forms used for data collection such as for chart review will be kept in a locked filing cabinet within a locked room within an office at UT Southwestern Medical Center until data is entered into the database. These paper records will be destroyed after data entry through shredding. At the end of the study, after analyses are complete, all study data will be de-identified, and the identifying key will be destroyed. We anticipate that our procedures to minimize risk of confidentiality will be highly effective.
Procedure for responding to loss of confidentiality. The study participant who experiences loss of confidentiality will be informed by the study primary investigator (Amit Singal, MD) in writing and by phone of the loss of confidentiality. The IRB and NIH will be informed in case of this event. The protocol will be temporarily stopped and if deemed appropriate the protocol will resume after all reports have been completed.
POTENTIAL BENEFITS:
Benefits anticipated as a result of the proposed research include: Understanding of which strategy is most clinically and cost-effective for optimizing effective CRC screening. This information will be used to inform local medical care efforts at Parkland, and national policy efforts to improve CRC screening and reduce mortality from CRC, and is thus most relevant to others. Understanding whether the type of test offered for screening may influence the rate of effective screening. This information will be used to inform local medical care efforts at Parkland, and national policy efforts to improve CRC screening. Specifically, it may help inform decisions as to whether one screening strategy should be favored for population-based screening over another. Further, as resources available to support CRC screening may be limited, study findings may help guide whether investments in infrastructure for primary colonoscopy based screening or primary stool occult blood test based screening may be favorable. These aspects are most relevant to others. Completion of CRC screening for study subjects who are randomized to invitation for screening and respond to invitation. Screening for CRC is believed to reduce mortality from CRC based on randomized controlled trials of stool occult blood testing, case control studies of colonoscopy, and modeling studies 20 . This aspect of the study is most relevant to the human subjects.
The risks associated to the research subjects are reasonable in relation to the anticipated benefits to research participants and others for the following reasons: Participants randomized to the control group will continue to receive usual medical care, and opportunities for screening through the course of usual medical care Participants randomized to the intervention groups will be invited to participate in screening in two fully acceptable, standard of care procedures for CRC screening. Thus, while the approach to invitation to screening, and whether type of screening offered affects response to invitation to screening are under study, the screening procedures themselves (colonoscopy and fecal immunochemical testing) are accepted standards for CRC screening and are non-experimental. Indeed, through the course of usual medical care, study participants might otherwise have been recommended one of these screening tests.
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Participants randomized to the intervention group will be free to also engage in usual medical care, and obtain screening outside of study procedures.
Overall, individuals randomized in our study will at minimum receive the usual medical care they would have received were there to be no research study. Further, those randomized to intervention are being offered an additional opportunity to complete a widely accepted, standard of care screening procedure. No experimental procedures or therapies are included. The potential benefits of the study to the human subjects are limited to those who undergo randomization to an intervention arm, as these individuals will have additional opportunities to engage in CRC screening, and will have the process of completing screening encouraged and facilitated.
Importance of knowledge to be gained: The public health implications of our study results to the general population may be substantial. If implementation of centralized processes to promote screening participation and guideline appropriate follow up is effective compared to Usual Care, this approach may be a model for implementing preventive care in large integrated health systems. If the type of screening offered impacts effective screening success rates substantially, then this key information may guide choice of screening test for a national screening program. Study findings may have substantial influence on public health and health policy. In sum, the benefits, both to the human subjects and to others outweigh the risks to which the human subjects are exposed. Sample Size Calculation: In order to conduct sample size estimates, we estimated the strategy-specific proportion of patients expected to complete the screening process.
Assumptions for proportions completing each step of the screening process were based on available medical literature and our prior work. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Under these assumptions, the predicted screening process completion proportions were 8.6% for usual care, 13.5% for colonoscopy outreach, and 16.6% for FIT outreach. We a priori assigned FIT vs.
colonoscopy outreach as our primary comparison of interest. Assuming alpha of 0.05, a sample size of 2,152 patients per group would be required to have 80% power to detect a statistically significant difference. To account for potential loss-to-follow up of 10%, we increased sample size for each group to 2,400 patients. Sample size for the usual care group was based on formal power analysis, as well as practical considerations. In a formal power analysis, assuming 2400 patients would be assigned to the FIT and to the colonoscopy outreach groups, we estimated that having >170 patients assigned to the usual care group would provide at least 80% power to detect the projected differences for colonoscopy outreach vs. usual care, as well as FIT outreach vs. usual care, assuming two sided alpha=0.05 for each comparison. From a practical standpoint, because only passive follow up utilizing electronic health record data was required for the usual care group, and because we expected some potential variation in usual care opportunistic offers for screening across clinics within the health system, we assigned 1200 patients to the usual care arm.
We conducted a post-hoc power calculation using Bonferroni correction to allay potential concerns about Type 1 error. With sample sizes of 2,400 patients in FIT outreach and 2,400 patients colonoscopy outreach and a potential loss-to-follow up of 10%, we had 67% power to detect a difference in the screening process completion proportions of 13.5% and 16.6% between the two intervention groups using a chi-square test at a twosided significance level of 0.017 with Bonferroni correction. If we assumed no loss-tofollow up, we would have 72% power to detect this difference at a significance level of 0.017. With a sample size of 2100 patients assigned to usual care, assumed screening process completion rate of 8.6%, and 10% potential loss to follow-up, we had >95%
power to detect differences of between both outreach intervention groups and usual care using a chi-square test at a two-sided significance level of 0.017. Thus overall, given that power to detect the target differences was substantial, even requiring Bonferroni correction for the key comparisons, chances of a type 1 error are low. Further, examination of the 95% confidence intervals for differences in screening process completion for FIT vs. colonoscopy outreach, and each outreach arm versus usual care, suggest that repetition of the trial would be predicted to result in clinically meaningful, and qualitatively similar differences. Notably, the range of differences between the lower and upper confidence interval bounds around estimates of intervention group differences for the outcome of screening process completion is narrow (under 6%) for all comparisons.
